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INTRODUCTION
Benign prostatic hyperplasia (BPH) is the main cause of lower urinary tract symptoms (LUTS) in the aging man. About 90% of men in their 70s have some LUTS related to BPH and the main consequence is impairment in their healthrelated quality of life (1) . The lifetime probability among men in their fifties to receive treatment for LUTS secondary to BPH is estimated to reach 35% of cases (2) . Less commonly, LUTS related to BPH may also progress to acute urinary retention, need for surgery, urinary incontinence or recurrent urinary tract infection (3) .
Despite these facts, the etiology of BPH is not fully elucidated and several etiologic factors have been proposed (4) . Clinical and experimental evidence suggest that testosterone, estrogens and peptide growth factors (GFs) play important roles (5-7). It's well recognized that sexual hormones are essential for normal prostate development and growth. Androgens are also important in the maintenance of BPH as demonstrated by the size reduction of an enlarged prostate with androgen deprivation therapy (8) . However, it is unclear whether altered serum concentrations of androgens are associated with increased risk of LUTS or clinical BPH.
Thus far, published studies regarding the association between androgens and LUTS or BPH have reported controversial results (9) (10) (11) (12) . Additionally, studies that have found positive associations have analyzed different hormones. These discrepancies may be attributed to small sample sizes, important selection bias, inadequate assessment of BPH, and failure to control by other potentially confounding factors that may influence serum testosterone levels, such as obesity (13, 14) .
As it's well known, obesity in men is commonly accompanied by a decline of serum testosterone (TT) levels through different mechanisms (15, 16) . The objective of the study was to evaluate the association of sex hormones with LUTS and control the results by the body mass index (BMI).
MATERIALS AND METHODS
The study comprised a cross-sectional analysis of 725 men who participated in a prostate cancer screening program. Patients who were using 5-alpha reductase inhibitors, alpha adrenergic blockers, had history of prostatic surgery or endocrine diseases, were not considered for analysis. Patients with abnormal digital rectal examination (DRE) findings or an elevated serum PSA level (i.e. > 4.0ng/mL) were referred for prostate biopsy to exclude the possibility of prostate cancer.
Variables analyzed were age, American Urological Association (AUA) symptom score, AUA storage symptoms, AUA voiding symptoms, nocturia, AUA quality of life score (17) , international index of erectile function (IIEF) score, prostate specific antigen levels and prostate volume. We measured the serum concentrations of total testosterone (TT), free testosterone (FT) and sex hormone binding globulin (SHBG) in all men. These hormones were measured through the fluorimetric, fluoroimmunoassay, and immunofluorimetric methods respectively (Wallac Perkin Elmer, Finland For statistical analysis we used the Chisquare, ANOVA and Kruskal Wallis tests to correlate the sex hormones with clinical parameters. A multivariate regression analysis model was used. Statistical analysis was performed using the SPSS 12.0 for Windows software and significance was set as a p ≤ 0.05. TT didn't show any significant correlation with the other clinical parameters but with obesity. Patients who were overweight and obese had lower levels of TT (p < 0.001). Median FT levels were statistically lower among patients with 65 years or older (211 vs 254ng/dL) (p < 0.001), and with a higher BMI (p = 0.006). SHBG levels were statistically higher among patients with 65 years or older (p < 0.001) and statistically lower among patients with a higher BMI. These two hormones failed to show any significant correlation with urinary symptoms or other clinical parameters (data not shown).
RESULTS
Due to associations between serum hormone levels and surrogate measures of obesity, No associations were found among patients with a BMI < 25. Median TT was 453, 450 and 467ng/dL (p = 0.952) among patients with mild, moderate and severe LUTS respectively. FT and SHBG were not associated with urinary symptoms in this BMI group. Analysis of voiding symptoms, filling symptoms and nocturia separately also failed to show any association.
Finally, we performed a multivariate regression analysis for the occurrence of severe LUTS among patients with a BMI ≥ 25 and < 25. An increased age, a higher TT level and a worse IIEF were independently associated with the presence of severe LUTS among patients from the former group. Only a worse IIEF was independently associated with LUTS among patients with a BMI < 25. 
DISCUSSION
In the present study, we found that serum TT and FT levels were significantly lower, and SHBG levels were significantly higher in obese patients when compared to patients with lower weights. When the entire cohort was analyzed, TT levels were higher in patients with severe LUTS, however, these results reached only marginal statistical significance. When patients with a BMI ≥ 25 were analyzed, TT levels were significantly higher in patients with severe LUTS when compared to patients with moderate or mild LUTS. These findings suggest that sexual hormones may play a role in the pathogenesis of LUTS related to BPH. Multivariate analysis confirmed TT as an independent variable associated to a severe LUTS. No correlations were observed among patients with a BMI < 25.
The reasons why sex hormones may influence LUTS related to BPH are not well described. Despite the lack of knowledge regarding several aspects of BPH pathogenesis, its well recognized that the development of the histological features of the disease is dependent on the bioavailability of TT and its metabolite, dihydrotestosterone (18) . A congenital lack of 5α-reductase results in a vestigial prostate gland (19) and castration in a man leads to glandular atrophy and regression of LUTS (20) . It's also reasonable to think that systemic effects of TT in bone and muscle mass, fat mass, body energy, and physical, sexual, and cognitive function may also be reflected on LUTS. Finally, there may be some direct effects of such hormones on bladder muscle function.
Despite these facts, most studies to date have reported inverted or no associations between sex hormones and LUTS. Trifiro et al. (10) evaluated baseline serum sex hormone concentrations and subsequent risk of LUTS with 20-year followup in a cohort of 158 community-dwelling older men. In opposition to our findings, they demonstrated that men with higher mid-life levels of testosterone/dihydrotestosterone and bioavailable testosterone had a decreased 20-year risk of LUTS. There were no significant associations of TT, oestradiol, testosterone/oestradiol, dihydrotestosterone, or dehydroepiandrosterone with LUTS. Some limitations were the small sample size, the homogenous character of the community cohort (mostly white and upper middle class) limiting the external validity, and the 20-year gap between hormone measurement and LUTS assessment that precluded analysis of changes in serum sex steroid levels during this period. In another study, the authors performed a nested case-control analysis using the placebo arm of the Prostate Cancer Prevention Trial. The authors reported a decreased risk of incident BPH with higher baseline total testosterone and total testosterone : 17β-diolglucuronide (21). Litman et al. (9) , analyzing data from the Boston Area Community Health (BACH) Survey, reported an inverse correlation of AUA-SI with both TT and bioavailable testosterone in non-age adjusted models and bioavailable testosterone in age-adjusted models. No significant association between LUTS and FT were found in the present analysis. Interestingly, some authors have also reported inverse relationships between LUTS and FT levels (22, 23) .
Conversely, other studies have reported positive relationships. Favilla et at. (2010) investigated a possible association between the severity of LUTS and the serum levels of sex hormones in 122 men with symptomatic BPH. In accordance to our results, on statistical analysis they found that the total IPSS was significantly associated with age and TT but not with free testosterone or the serum levels of the other sex hormones. While men with a IPSS > 19 presented a median testosterone of 425.6ng/mL, median testosterone level among men with a IPSS < 19 was 346.8ng/mL). However, the limitations of the study were again the small sample size and the fact that they only included men with severe LUTS who were candidates to surgery.
Reasons that may help to explain the lack of associations in some studies may be attributed to determination of sexual hormones levels at different points in the natural history of BPH. Additionally, it's possible that plasma levels of these hormones are not representative of intra-prostatic levels. Regarding this fact, the dosage of sexual hormones metabolites may be more representative of the intra-prostatic environment. Platz et al. (12) , demonstrated the association between an SHBG metabolite, androstanediol glucuronide (AAG), severe LUTS and the risk of BPH surgery. Patients with higher serum levels of AAG were at increased risk of having either BPH surgery or severe LUTS.
The unique strength of the present analysis is that we demonstrated a clear influence of BMI on the relationship between testosterone and LUTS, a variable that has been neglected by most studies. According to some reports, obesity may be associated with BPH. Giovannucci et al. (24) , followed men enrolled in the Health Professionals Follow-up Study for the incidence of prostatectomy due to BPH and for the frequency and severity of symptoms of urinary obstruction. After adjustment for age, smoking, and BMI, only abdominal obesity showed a relationship with the rate of prostatectomy. Similar results were observed regarding frequency of urinary symptoms among those without prostatectomy (OR 2.0). However, these results should be analyzed carefully, since only a minority of patients with BPH undergoes surgical treatment for relieving LUTS.
Conversely, associations between obesity and BPH were not reproduced by other authors. Meigs et al. (25) , defined risk factors for a clinical diagnosis of BPH among subjects of the population-based Massachusetts Male Aging Study. They found that BMI did not individually predict clinical BPH. More recently, in the study of 1,206 participants in the comparison arm of the Air Force Health Study with a median follow-up of 15.6 years, no relation was seen between weight or BMI and BPH (26) . In another recent study of a cohort of healthy caucasian men aged 40-79 years randomly selected from the Olmsted County, Minnesota, few significant associations of anthropometric measures with the presence or progression of components of BPH were found (27) .
Clearly, most of the controversy regarding relationship between BPH and anthropometric measures is due to the variable definitions of BPH used in studies. Technically, the diagnosis of BPH is made based on histological examination of a prostate specimen from biopsy, surgery or autopsy. However, as this approach gives limited insight into the incidence or progression of the disease, studies have considered surrogate measures to as-sess BPH, including clinical (LUTS), physiologic (urinary flow rates), anatomic (prostatic volume) and biochemical (PSA levels) measures (28) . For this reason, in the present study we investigated specifically the associations with LUTS.
Some advantages of the present study over the others should be mentioned. We analyzed a relative large series of patients who were not candidates for surgery, thus all LUTS categories could be analyzed. Additionally, patients were not using any placebo, which could have influenced LUTS. Limitations of the present study should also be noted. We didn't analyze other important sex hormones such as dihydrotestosterone and oestradiol. Other clinical conditions that could influence sex hormone levels such as metabolic syndrome, diabetes or tobacco use were not included in the analysis.
Finally, if the results of the present series could be confirmed by further clinical analyses, there will be a role for the clinical use of serum testosterone, at least in obese patients with BPH. Basic research studies addressing the mechanisms of action of testosterone over the bladder and prostate tissues on a molecular basis are also necessary for the understanding of LUTS physiopathology and for the development of new therapeutic targets.
CONCLUSIONS
Serum TT and FT levels are significantly lower, and SHBG levels is significantly higher in obese patients when compared to patients with lower weights. A higher TT is independently associated with a worse AUA symptom index only in obese patients. 
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